Within the covariant Lagrangian formalism, the equations of motion for spin-1/2 particles with polarizabilities in an electromagnetic field have been obtained. We have analyzed the phenomenological tensor constant quantities as well.
Introduction
The interaction of an electromagnetic field with structural particles in the electrodynamics of hadrons is based on the main principles of relativistic quantum field theory. In the model conceptions, where basically the diagram technique is used, a number of features for the interaction of photons with hadrons have been determined [1, 2] . However, the diagram technique is mainly employed for the description of electromagnetic processes in the simplest quark systems. In the case of interaction for the electromagnetic field with complex quark-gluon systems in the low-energy region, the perturbative methods of QCD are nonapplicable. That is why, the low-energy theorems and sum rules were widely used lately [3] [4] [5] [6] . In the present time, the low-energy electromagnetic characteristics which are connected with a hadron structure, such as the formfactor and polarizabilities, can be obtained from nonrelativistic theory [5] . Passing from the nonrelativistic electrodynamics to the relativistic field theory, one can use the correspondence principle. But it is necessary to investigate, step-by-step, a transition from the covariant Lagrangian formalism to the Hamiltonian one [7] [8] [9] .
The determination of the interaction vertex ofphotons with protons taking the polarizabilities into account [10] has recently been used to fit experimental data on the Compton scattering on a proton in the energy neighborhood of a birth of the Δ(1232)resonance [11] .
This work is a continuation of the researches which have been presented in our previous articles [6] [7] [8] .
Using the covariant Lagrangian of interaction of the electromagnetic field with a structural polarizable particle, the equations of motion and the canonical and metric energy-momentum tensors have been obtained.
Total Lagrangian
The total Lagrangian of the interaction of spin-1/2 particles with the electromagnetic field consists of the Lagrangian for the free electromagnetic field − , the spinor or Dirac field , the Lagrangian of the interaction of the free electromagnetic field with the Dirac field int− , and the Lagrangian which considers electric and magnetic polarizabilities of particles 0 0− :
The Construction of Relativistically Invariant Equations
is the wave function of spin-1/2 particles. In this expression˜= 1 2 , where and˜are the tensors of the electromagnetic field, 0 and 0 are electric and magnetic polarizabilities, and -Levi-Civita antisymmetric tensor ( 0123 = 1).
The part of the Lagrangian with polarizabilities can be rewritten as
where is the antisymmetric tensor = − and is equal to
wherẽ︀ Θ = 1/2(Θ + Θ ).
Equations of Motion
For the interaction of the spinor and electromagnetic fields, the following system of equations is used:
where is the vector-potential of the electromagnetic field.
From Lagrangian (1) and expressions (4-6), we get the equations of motion for a charged spin-1/2 particle with 0 -electric and 0 -magnetic polarizabilities:
In expression (7), is the current associated with a charge, − is the current associated with the polarizabilities of the particle.
Following work [12] , we perform a relativistic generalization of the phenomenological energy-momentum tensor of the interaction of the electromagnetic field with a polarizable particle as
Lagrangian (1) takes the form
where
is the usual Lagrangian, and
is the interaction Lagrangian of the electromagnetic field and a particle with polarizabilities.
With the help of Lagrangian (11), the canonical energy-momentum tensor looks like
As a result, we get
where 4 is the energy-momentum tensor of the interaction of the electromagnetic field with regard for the polarizabilities of the particle, and
Using the unambigious definition of a energymomentum tensor for can , we construct the metric energy-momentum tensor:
Thus, metr reads
where is the current density of the charged particle.
In the rest frame of the particle, we obtain the energy density of interaction for the particle with polarizabilities and the electromagnetic field:
where Θ 00 is the energy density of the spin-1/2 particle.
Conclusion
Taking the covariant Lagrangian of interaction of the electromagnetic field with a polarizable spin-1/2 particle as a basis in the Lagrangian covariant formalism, the equations of motion have been found. The correlations between the covariant Lagrangian and the canonical and metric energy-momentum tensors have been obtained. In the rest frame of the particle, the energy density of interaction for the particle with polarizabilities and the electromagnetic field has been determined.
